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Abstract
Bats are associated with conflicting perceptions among humans, ranging from affection to
disgust. If these attitudes can be associated with various factors among the general public
(e.g. social norms, lack of knowledge), it is also important to understand the attitude of sci-
entists who study bats. Such reflexive information on the researchers community itself could
indeed help designing adequate mixed communication tools aimed at protecting bats and
their ecosystems, as well as humans living in their vicinity that could be exposed to their
pathogens. Thus, we conducted an online survey targeting researchers who spend a part of
their research activity studying bats. Our aim was to determine (1) how they perceive their
object of study, (2) how they perceive the representation of bats in the media and by the gen-
eral population, (3) how they protect themselves against pathogen infections during their
research practices, and (4) their perceptions of the causes underlying the decline in bat pop-
ulations worldwide. From the 587 completed responses (response rate of 28%) having a
worldwide distribution, the heterogeneity of the scientists’ perception of their own object of
study was highlighted. In the majority of cases, this depended on the type of research they
conducted (i.e. laboratory versus field studies) as well as their research speciality. Our study
revealed a high level of personal protection equipment being utilised against pathogens dur-
ing scientific practices, although the role bats play as reservoirs for a number of emerging
pathogens remains poorly known. Our results also disclosed the unanimity among special-
ists in attributing a direct role for humans in the global decline of bat populations, mainly via
environmental change, deforestation, and agriculture intensification. Overall, the present
study suggests the need for better communication regarding bats and their biology, their
role within the scientific community, as well as in the general public population. As a conse-
quence, increased knowledge regarding scientists’ perceptions of bats should improve the
role scientists play in influencing the perception of bats by the general public.
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Introduction
The perception of the general public regarding bats can be quite ambivalent, i.e. from the posi-
tive association with a brave and tormented superhero lacking superpowers who fights crime
and protects the fictional Gotham City, the indomitable Batman [1], to the recent negative link
with the emergence of diseases such as Ebola and Nipah. A clear example of a perceived danger
associated with bats is the theme of the movie Contagion by S. Soderbergh, in which the chain
of contagion of a deadly virus in the human population starts from bats and pigs after the dis-
turbance of a bat colony due to deforestation [2]. If these conflicting perceptions are wide-
spread among the general public who do not have close contact with bats, we aimed to
investigate the perception of scientists studying bats who have greater knowledge and frequent
interactions with them. Basically, this addresses the fact that knowledge on these aspects can
facilitate rational evaluation and analysis of risks to public health. As a consequence this should
provide scientists and science communicators adequate material to modify the norms shaping
the publics’ views on bats. We specifically aimed to explore the perception of bats among scien-
tists in relation to their potential roles as reservoir hosts of zoonotic diseases. Bats are often
associated with the emergence of pathogens [3, 4], which has created a negative impact in the
public. However, it is expected that knowledge dispels fear in the scientific community or that
several research experts view bats only in terms of infection, risk, and danger. Thus, the pre-
sentation of bats varies widely among scientists, as epidemiologists may choose frightening
pictures of bats [5], while biological conservationists may choose appealing ones [6]. Obvi-
ously, this remains highly subjective. Through questioning scientists who mainly study bats,
our aim was to determine (1) how scientists perceive their object of study, (2) how they per-
ceive the representation of bats in the media and by the general public, (3) how they protect
themselves and others against pathogen infections in their research practices, and (4) the
causes that may explain the ongoing decline in bat populations worldwide. Overall the results
of this study should help creating integrated educational programmes aimed at protecting bats
and their ecosystems, as well as humans living in their vicinity. This requires an approach that
is able to deliver a mixed message to conciliate issues related to bat conservation and ecosystem
protection, while ensuring proper information on infectious risk transmission and thus public
health.
Material and Methods
A 29-question survey was designed, with most questions related to the location, nationality,
type of research, research practices, the researcher’s own perception of bats, as well as their
views on the general public perception on bats. We also included a quiz to test the researcher’s
knowledge regarding bats and the role of bats as reservoir hosts of pathogens, as well as a series
of questions related to the causes of the global decline in bat populations. These detailed ques-
tions and responses are available in the S1 File.
The questionnaire was sent to the corresponding authors of one or more scientific papers
published between 2010 and 2014 that were referenced in the database ISI Web of Science as
related to Chiroptera. The choice was based on the occurrence of a series of combined key-
words (see S2 File). References were then checked to avoid the selection of unrelated publica-
tions. Once the duplicates were removed, the questionnaire was sent out to valid email
addresses. When the same email address was found for several publications in different years,
the most recent one was retained and the others were discarded. The questionnaire was sent
through the online survey platform QuestionPro (http://www.questionpro.com/) to 2,180
potential participants in May 2015 and was closed in June 2015 after three reminders had been
sent. Statistical analyses were performed using R software [7] and model selection was
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performed with the use of the package glmulti [8]. A total of 610 completed responses were
received, accounting for an average response rate of 27.98%. We obtained the following
increasing response rates from 2010 to 2014: 17.8% (51/287), 22.8% (88/386), 24.9% (96/386),
29.6% (170/574), and 37.5% (205/546). From the total responses, 23 were from researchers
who declared they were not working on bats, with 587 responses remaining that contained
usable answers for further analysis.
The survey was performed in compliance with the Helsinki Declaration [9], i.e. all partici-
pants were informed about the aim of the questionnaire and were free not to participate or to
withdraw at any stage of the process. Responses were analysed in an anonymous manner.
Results
A worldwide distribution
As illustrated in S1 Fig, respondents showed a worldwide distribution in their research activi-
ties on bats, with Eurasian (18.6%) and North American (16.1%) regions being the most
represented.
Type of research
Research on bats represented an average of 55.7% ± 1.4 of the research activities of our studied
population, with these activities being divided as follows: field activities (30.0% ± 1.0), labora-
tory studies (19.4% ± 0.9), and desk activities (51.7% ± 1.1) (Q2 and Q21). The most exten-
sively studied bat family was Vespertilionidae, followed by Molossidae (Q5) (S2a Fig), with
insects and invertebrates dominating the diets of these bats (S2b Fig). Slightly greater than
one-third of the respondents studied only one family and the distribution of family numbers
was positively skewed (S3 Fig) with a median number of 2. The main topics of research were
field ecology, including bats in captivity or in the laboratory, and conservation biology (Fig 1)
with 28% (164/587) of the respondents declaring that they studied only one topic, with the
median number of research topics being 2.
Perception of bats
Although 96.3% of the scientists did not perceive bats as dangerous animals, several factors
can lead to differences in this perception, i.e. studying the physiology of bats as well as bat
infections were the likely reasons why bats were considered dangerous animals by the respond-
ers whereas this is the opposite when studying their ecology (Table 1).
The trend differed when scientists were asked about their views on the general public per-
ceptions of bats, as a majority of the respondents (70.8%) believe that lay-people perceive bats
as dangerous animals. Statistical analysis reveals that several factors might explain this percep-
tion (Table 2). Thus, scientists involved in laboratory-orientated research are more likely to
share this public perception, whereas those studying ethology, conservation, or bat infections
are less likely to share the perception that bats are dangerous animals.
Similarly, 36.8% of the laboratory-oriented scientists considered that the general population
preferred bats over rats, while 40.9% of the field-oriented scientists believed that the general
population considered bats similar to rats. Such differences may be explained by the negative
representation of bats in the media (Fig 2). A large proportion of scientists (approximately
40%) declared that bats are presented as frightening in the media; however, scientists who
chose ‘Other’ (nearly 25%) as their response declared that the manner in which bats are por-
trayed in the media is inaccurate, misleading, and varying.
Bats and Scientists
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Fig 1. Distribution of the respondents according to their major topic of research (n = 587).
doi:10.1371/journal.pone.0165969.g001
Table 1. Logistic regression of the perception of bats as dangerous animals by researchers (A higher number of asterisks * describes a higher
level of statistical significance of the associated factor included in the analysis).
Estimate Standard error z value Pr (>lzl)
(Intercept) –3.811 0.529 –7.199 6.11e-13 ***
Ecology –2.67 0.786 –3.4 0.000662 ***
Epidemiology –0.946 0.716 –1.322 0.186
Physiology 1.786 0.641 2.784 0.005367 **
Working on bat infection 2.121 0.615 3.452 0.000556 ***
doi:10.1371/journal.pone.0165969.t001
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With regard to the consumption of bats, only 10 respondents in our survey declared that
they had consumed bats, although it did not constitute a food habit. The opinions about the
consumption of bats were quite diverse and appeared to rely on respondents’ views on bat con-
servation as well as on culinary taste “De gustibus non est disputandum” [10].
Bats and pathogens
Scientists who do not study bat infections disagree with the putative role of bats as reservoir
hosts for pathogens presented in the quiz, except for rabies and, to a lesser extent, the Hendra
Table 2. Logistic regression of the representation of bats as a dangerous animal by lay-people according to scientists studying bats. (A higher
number of asterisks * describes a higher level of statistical significance of the associated factor included in the analysis).
Estimate Standard error z value Pr (>lzl)
(Intercept) 0.479 0.286 1.673 0.09423
Conservation –0.481 0.245 –1.961 0.04991 *
Ecology 0.375 0.253 1.478 0.13951
Theoretical research 0.54 0.342 1,581 0.11391
Ethology –0.693 0.324 –2.140 0.03238 *
Working on bat infection –0.653 0.232 –2.820 0.00480 **
Percentage of research on bats 0.006 0.003 1.656 0.09782
Percentage of laboratory research 0.018 0.006 3.097 0.00196 **
Manipulation of live bats 0.394 0.232 1.702 0.08871
doi:10.1371/journal.pone.0165969.t002
Fig 2. Representation of the percentage of respondents according to their perception of the portrayal
of bats in the media (n = 587).
doi:10.1371/journal.pone.0165969.g002
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virus. However, knowledge about bats being potential reservoir hosts for rabies and the Hen-
dra virus was equally shared and highly widespread among the respondents (Fig 3). We intro-
duced the avian flu H5N1 in our quiz on bats as potential reservoir hosts of pathogens and few
scientists responded incorrectly by classifying it as potential virus carried by bats. A large pro-
portion of scientists (46%) working on infection in bats disagree that bats were a reservoir of
H5N1. A large fraction of the respondents in both groups (47.3% of the group studying infec-
tion and 75.6% of the other group) declared that they disagreed that bats can be reservoir hosts
of the bat influenza virus H17N10 [11]. In addition, 48.6% to 58.3% of the researchers studying
bats (but not their infections) disagreed that bats could be reservoir hosts of viruses such as
Ebola, Nipah, and SARS-CoV.
Fig 3. Level of information of respondents regarding the role of bats as reservoir hosts for several
pathogens (n = 587). The following groups ’Yes’, ’No’ and ’Don’t know’ correspond respectively to an agreement
with the statement that bats are reservoir of the given pathogen, a disagreement with this statement and the absence
of knowledge on the topic respectively.
doi:10.1371/journal.pone.0165969.g003
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We also questioned scientists about the use of personal protective equipment while manip-
ulating live bats as well as while collecting samples from live bats. When manipulating live
bats, a majority of scientists responded that they always or very often wore personal protective
equipment (Fig 4). Researchers studying bat infection always used personal protective equip-
ment, especially disposable gloves, safety goggles, safety glasses or face shields when manipulat-
ing live bats. A similar trend was observed among researchers manipulating samples collected
from live bats (Fig 5). Multiple correspondence analysis on the use of personal protective
equipment for the manipulation of live bats as well as while collecting samples from live bats
revealed that the frequency of using one type of personal protective equipment was highly pre-
dictive of the use of another type, especially when studying bat infections. In other words, if
the researcher regularly used disposable overshoes, then they also frequently used a surgical
cap (S4 File) during their research activities.
Bats, conservation, and biodiversity
Worldwide bat populations are declining [12, 13] due to several factors [14]. According to the
respondents of our survey, deforestation and intensive agriculture are the major detrimental
factors followed by urbanisation and climate change (Fig 6).
Fig 4. Percentage of respondents manipulating live bats using personal protective equipment. The total number of scientists corresponds to the
number of scientists (n1 = 395) manipulating live bats, and is therefore a subset of the 587 respondents.
doi:10.1371/journal.pone.0165969.g004
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We conducted logistic regression on the ranking of these factors by respondents (S3 File).
Deforestation ranked high on the list of causes responsible for the decline of bat populations
appears clearly related to working directly with live bats or samples taken from live bats. Simi-
larly, high ranking of intensive agriculture is related to a low percentage of laboratory activities,
manipulation of samples, and research activities in the field of conservation. Surprisingly,
studying live bats appears to be related to low ranking of intensive agriculture; however, this
was likely due to an association with deforestation and intensive agriculture being ranked as
the major factors of the global decline of bats.
Discussion
Overall, our survey reveals several important aspects. First, it appears that the idea of the dan-
ger associated with bats is not uniform within the scientific community studying them. Scien-
tists can be classified into two categories: laboratory-oriented versus field-oriented, or as
epidemiologists versus non-epidemiologists. The perceptions of scientists on bats appear to
clearly depend on their main research activities and their contact with bats, and their internal
tissues and/or blood, either in the laboratory or in the wild.
Fig 5. Percentage of respondents manipulating samples removed from live bats using personal protective equipment. The total number of scientists
(n2 = 365) corresponds to the number of scientists manipulating live bats, and it is therefore a subset of the 587 respondents.
doi:10.1371/journal.pone.0165969.g005
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The idea behind the danger associated with bats might be related to the relative lack of
information regarding several diseases transmitted through bats. Thus, it is important to
improve communication amongst scientists and to circulate accurate information within the
scientific community. There are numerous popular misconceptions associated with bats [15].
Thus, bats are often affiliated with self-reported phobias, as are snakes and mice [16], and they
are highly ranked among the animals for which people have the feeling of disgust [17, 18]. Bats
are also associated with vampires and blood drinking, as was shown in a survey in Slovakia
that revealed that 20% of the college students believed that most bats drink blood, while in real-
ity only three species do [19]. This lack of knowledge is particularly crucial when explaining
the fear or reluctance people might have towards bats; therefore, better knowledge on the real
level of infectious risks associated with bats would be helpful, especially for any conservation
approach [20, 21]. If this is valid in professionals working closely with bats, accurate informa-
tion on bat biology might also help the public to better understand the biology of bats and
their roles in ecosystems. Such a trend has already been observed among students in Slovakia,
where increased knowledge about bats is positively associated with a positive perspective [19]
and improvement in the perception of bats is having a positive impact on efforts towards their
conservation, at least in a population that has an interest in bats [15]. This would also be valid
for any programme aimed at protecting wildlife that is often portrayed as the source of emerg-
ing infectious diseases [22].
Conflicting views exist on the management of bat populations in terms of conservation and
public health. As mentioned previously, by investigating the perception of bats by scientific
experts, our survey highlights heterogeneity regarding the perception of bats among a well-
informed community of specialists. These results should be compared with other surveys con-
ducted on local communities and stakeholders. It is essential to elucidate how bats are per-
ceived in order to develop adequate communication tools aimed at protecting bats and their
ecosystems, as well as humans living in their vicinity. This requires an approach that is able to
deliver a mixed message to conciliate issues related to bat conservation and ecosystem
Fig 6. Rank of importance of the different factors explaining the worldwide decline in bat populations according to respondents (n = 587).
doi:10.1371/journal.pone.0165969.g006
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protection, while ensuring proper information on infectious risk transmission and thus public
health are also stated [21].
The association between bats and the danger of pathogen transmission often exists and our
study clearly reveals the widespread use of personal protective equipment against infection,
especially by scientists studying infection in bats. This is a positive aspect in terms of work
safety as well as for public health in order to avoid the spread of an eventual bat pathogen in
the human population. Apart from the obvious advantages that the use of adequate protection
by scientists facilitates the effective manipulation of bats; however, the white nose syndrome in
bats caused by Pseudogymnoascus destructans can also be transmitted by humans through their
clothes and gear as they move from one cave to another [23, 24]. Given the fact that 20% of the
scientists in our survey have declared that they are currently studying P. destructans, it is
important that these scientists should take precautions to not transmit infections among them-
selves or in the bat colonies they are studying.
Our study clearly reveals that scientists consider that environmental modifications by
humans—direct, such as deforestation and intensive agriculture, or indirect, such as climate
change—are the major factors causing worldwide decline in bat population [25, 26]. This
clearly highlights the human role on a worldwide scale and emphasises the need for ecosystem
protection in conservation programmes.
Finally, a large majority of scientists associate the general population as having a negative
perception about bats. Based on this fact, it would also be highly informative to measure the
level of public engagement of the respondents of our survey (e.g. interacting with a non-scien-
tific audience, show-casing the relevance of their research, creating awareness, etc.), and the
impact it could have on supporting measures that favour the conservation of bat populations.
Supporting Information
S1 Fig. Repartition of responders according to their place of work and research activities
on bats (n = 587).
(EPS)
S2 Fig. a) Repartition of the responders according to the families of bats they are working on
(n = 587). b) Fig Repartition of the responders according to the type of food of the bats they
are working on. (n = 587).
(EPS)
S3 Fig. Repartition of the responders according to the number of families of bats they are
working on. (n = 587).
(EPS)
S1 File. Invitation, text of the survey and notes.
(RTF)
S2 File. Combination of keywords used to select participants in the survey.
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according to responders.
(RTF)




PLOS ONE | DOI:10.1371/journal.pone.0165969 November 10, 2016 10 / 12
Acknowledgments
We are really grateful to Ben Holt for allowing us to use the map with the zoogeographic
regions that was presented in Holt et al. 2012. An Update of Wallace’s Zoogeographic Regions
of the World Science 339 (6115), p74-78 (10.1126/science.1228282). We wish to thank Julien
Cappelle, Boripat Siriaroonrat, Kevin Olival for helpful comments on the questionnaire. We
are extremely grateful to Neil Furey for his many useful suggestions on the design of the survey
and insightful comments on a previous version of this manuscript. This study is supported by
the French ANR CP&ES BiodivHealthSEA project (grant ANR 11 CPEL 002; Local impacts
and perceptions of global changes: Biodiversity, health and zoonoses in Southeast Asia).
Author Contributions
Conceptualization: CB SM.
Data curation: CB SM.








Writing – original draft: CB.
Writing – review & editing: CB SM.
References
1. 1. Kane B, Finger B. The amazing and unique adventures of the Batman. Detective comics. 1939 1939.
2. Soderbergh S. Contagion. United States of America 2011. p. 106 minutes.
3. Messenger SL, Smith JS, Rupprecht CE. Emerging epidemiology of bat-associated cryptic cases of
rabies in humans in the United States. Clin Infect Dis. 2002; 35(6):738–47. doi: 10.1086/342387 PMID:
12203172.
4. Kuzmin IV, Bozick B, Guagliardo SA, Kunkel R, Shak JR, Tong S, et al. Bats, emerging infectious dis-
eases, and the rabies paradigm revisited. Emerg Health Threats J. 2011; 4:7159. doi: 10.3402/ehtj.
v4i0.7159 PMID: 24149032
5. Cunningham AA. A walk on the wild side—emerging wildlife diseases: They increasingly threaten
human and animal health. BMJ: British Medical Journal. 2005; 331(7527):1214–5.
6. Furey NM, Racey PA. Conservation Ecology of Cave Bats. In: Voigt CC, Kingston T, editors. Bats in the
Anthropocene: Conservation of Bats in a Changing World. Cham: Springer International Publishing;
2016. p. 463–500.
7. Team RDC. R: A language and environment for statistical computing. Vienna, Austria: R Foundation
for Statistical Computing; 2008.
8. Calcagno V, de Mazancourt C. glmulti: an R package for easy automated model selection with (general-
ized) linear models. Journal of Statistical Software. 2010; 34 (12):1–29.
9. Word Medical Association. Declaration of Helsinki—Human Experimentation Code of Ethics of the
World Medical Association. British Medical Journal. 1964:177.
Bats and Scientists
PLOS ONE | DOI:10.1371/journal.pone.0165969 November 10, 2016 11 / 12
10. De gustibus non disputandum: Hearing before the The New Dictionary of Cultural Literacy, Third Edi-
tion, Third Edition Sess. (2002).
11. Tong S, Li Y, Rivailler P, Conrardy C, Castillo DA, Chen LM, et al. A distinct lineage of influenza A virus
from bats. Proc Natl Acad Sci U S A. 2012; 109(11):4269–74. doi: 10.1073/pnas.1116200109 PMID:
22371588
12. Schipper J, Chanson JS, Chiozza F, Cox NA, Hoffmann M, Katariya V, et al. The status of the world’s
land and marine mammals: diversity, threat, and knowledge. Science. 2008; 322(5899):225–30. doi:
10.1126/science.1165115 PMID: 18845749
13. Gay N, Olival KJ, Bumrungsri S, Siriaroonrat B, Bourgarel M, Morand S. Parasite and viral species rich-
ness of Southeast Asian bats: Fragmentation of area distribution matters. Int J Parasitol Parasites
Wildl. 2014; 3(2):161–70. doi: 10.1016/j.ijppaw.2014.06.003 PMID: 25161915
14. Boyles JG, Cryan PM, McCracken GF, Kunz TH. Conservation. Economic importance of bats in agricul-
ture. Science. 2011; 332 (6025):41–2. doi: 10.1126/science.1201366 PMID: 21454775
15. Hoffmaster E, Vonk J, Mies R. Education to Action: Improving Public Perception of Bats. Animals
(Basel). 2016; 6(1). doi: 10.3390/ani6010006 PMID: 26784239
16. Robins LN, Regier DA. Psychiatric Disorders in America: The Epidemiologic Catchment Area Study.
New York, NY, USA: Free Press. 1991.
17. Davey GC, McDonald AS, Hirisave U, Prabhu GG, Iwawaki S, Jim CI, et al. A crosscultural study of ani-
mal fears. Behav Res Ther 1998; 36(7–8): 735–50. PMID: 9682528
18. Bjerke T,Østdahl T. Animal-related attitudes and activities in an urban population. Anthrozoo¨s. 2004;
(17):109–29.
19. Prokop P, Fančovičova´ J, Kubiatko M. Vampires are still alive: Slovakian students’ attitudes toward
bats. Anthrozoo¨s. 2009; 22(1): 19–30. doi: 10.2752/175303708X390446
20. Olival KJ. To Cull, or Not To Cull, Bat is the Question. Ecohealth. 2015. doi: 10.1007/s10393-015-1075-
7 PMID: 26631385
21. Kingston T. Cute, Creepy, or Crispy—How Values, Attitudes, and Norms Shape Human Behavior
Toward Bats. In: Voigt CC, Kingston T, editors. Bats in the Anthropocene: Conservation of Bats in a
Changing World. Cham: Springer International Publishing; 2016. p. 571–95.
22. Buttke DE, Decker DJ, Wild MA. The role of one health in wildlife conservation: a challenge and opportu-
nity. J Wildl Dis. 2015; 51(1):1–8. doi: 10.7589/2014-01-004 PMID: 25375941
23. Davis CM. An Examination of White-Nose Syndrome Occurrence and Dispersal Patterns: Utilizing
Global and Local Moran’s I Analysis to Evaluate an Emerging Pathogen. [Masters Theses & Specialist
Projects.]. Bowling Green, Kentucky, USA: Western Kentucky University; 2012.
24. Hayes MA. The Geomyces Fungi: Ecology and Distribution. BioScience. 2012; 62(9):819–23. doi: 10.
1525/bio.2012.62.9.7
25. Furey NM, Mackie IJ, Racey PA. Bat diversity in Vietnamese limestone karst areas and the implications
of forest degradation. Biodiversity and Conservation. 2010; 19(7):1821–38. doi: 10.1007/s10531-010-
9806-0
26. Voigt CC, Kingston T. Bats in the Anthropocene: Conservation of Bats in a Changing World: Springer
International Publishing; 2016.
Bats and Scientists
PLOS ONE | DOI:10.1371/journal.pone.0165969 November 10, 2016 12 / 12
